Studies on vocal learning must examine not only what is learned but also how the form of input affects the learning process. Research on learning suggests that input is acquired most readily if it is 'natural'-what psychologists term referential, contextually applicable, and socially interactive. Specifically, researchers have shown that what is learned, when it is learned, and how the learned material is used can be affected by the extent and form of the social interaction between tutor and pupil. Studies on humans and some oscine songbirds provide specific examples. My studies on African Grey parrots (Psittacus erithacus) demonstrate that social interaction is important for vocal learning even in a mimetic species. Preliminary data show that in the early stages of learning Grey parrots will not acquire an allospecific code from exposure to video or audio input but will readily learn from human tutors. The extent of learning from human tutors is demonstrated by the accomplishments of the parrot Alex, who uses an allospecific code, English speech, to request, refuse, identify, categorize, and quantify over 100 different objects, and to process numerous different questions in order to make judgements about quantity, the similarity and difference of attributes, or the relative size of objects.
INTRODUCTION
The processes involved in learning are far from simple. How, for example, does an organism learn to recognize its own species, what foods are appropriate to eat, how best to communicate with other individuals? Why do some forms of learning occur with great rapidity, whereas other forms take months or years to complete? Despite decades of study, researchers still lack definitive answers for such questions. But data have accumulated, if slowly, to suggest which areas of investigation are likely to provide insights into these learning processes.
A particularly useful area of research involves studying the effects of social interaction.
For the three behavioural examples presented above, social interaction is known to influence the ability to learn, when learning occurs, and what is learned (see, respectively, reviews in TEN CATE, 1989b; GALEF, 1990; PEPPERBERG, 1991 ) . Few studies, however, have examined which aspects of social interaction most influence learning. 'Social interaction' is now a catch-all term that may refer not only to a social act (e.g., directed singing), but also to a constellation of behavioural features that influences the potency of a social act. Such features may include the quality and quantity of input, relative status of the interactants, the environment in which interaction occurs, and the feedback received by learners for their attempts at a targeted behaviour.
Only by separating these-and other-features and understanding their individual effects can one truly understand how social interaction influences learning.
Characterizing the effects on learning of varying forms of social and contextual input is a complex task, but one that can be simplified by the use of a conceptual framework that identifies the critical factors to be studied. Social modelling theory, initially developed to explain how social interaction affects human behaviour (see BANDURA, 1971 BANDURA, , 1977 , is such a framework.
Social modelling theory systematically (a) identifies aspects of input that may influence the potency of a social act (e.g., quality or quantity), (b) categorizes such influences into a set of critical factors (primarily with respect to reference and context, terms that I describe below), and (c) provides a scheme to analyze how social acts direct a learner's attention to relevant aspects of the behaviour to be acquired. I have previously discussed how social modelling theory has provided insights into the development of communication processes in birds (PEPPERBERG, 1985 (PEPPERBERG, , 1986a (PEPPERBERG, ,b, 1988b PEPPERBERG & NEAPOLITAN, 1988; PEPPERBERG & SCHINKE-LLANO, 1991) . I am now testing the relative effects on vocal learning of three critical factors identified by modelling theory: the relative influences of reference, context, and interaction.
My research involves teaching a mimetic species, the African Grey parrot (Psittacus erithacus), to produce and comprehend English speech. To appreciate my data, however, one must first be aware of the previously unsuccessful attempts at avian-human communication and understand those principles of human social modelling theory that have been particularly relevant for studying avian vocal behaviour.
I therefore (1) review the earlier studies on mimetic birds in the context of avian vocal learning; (2) introduce the critical factors specified by social modelling theory that are proposed as necessary for particular types of learning; and (3) briefly describe how these factors affect the extent to which Grey parrots can acquire aspects of a human communication code.
